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EVALUATION OF SURFACE AND SPRINKLER IRRIGATION!/ 
SYSTEHS ON THE SEEDSKADEE DEVELOPMENT FARM -
E. Gordon Kruse and H. R. Haise~/ 
During 1965 several areas of the Seedskadee Development farm located 
40 miles northwe st of Gre en River, Wyoming, were developed to study 
various methods for irrigating marginal lands (class 3 and 4 complex) 
situated _ on first terrace soils of the Green River and a border irriga-
tion system of class 2 land situated on the second terrace adjacent to 
the development farm proper, Fig. 1. One of the major objectives of the 
study concerned the development and evaluation of automated irriga tion 
systems to improve irrigation water application efficiency and at the 
same time reduce irrigation labor requirements. 
!/ Contribution from the Northern Plains Branch, S~il and Water Con-
servation Research Division, Agricultural Research Service, USDA, in 
cooperation with University of Wyoming Agricultural Extension Service 
and U.S. Bureau of Reclamation. 
lf Agricultural Engineer and Research Soil Scientist, respectively, 









Research Area - Lower Bench 
The need for the study of lower bench areas and the obj ec tives of 
the research were stated as follows in the ARS outline for the study: 
Need for Study: 
The purpose of research on the lower bench lands of the 
Seedskadee Development Farm is to dete~.ine the economic 
feasibility of 2pplying irrigation water to the shallow 
soils existing there for the purpose of providing pasture 
for livestock. The labor required for irrigation should 
be minimized by the use of simplified systems and auto-
matic . devices wherever possible. Feasibility of irrigat -
ing this area is also limited by the fact that gravity 
water applications will have inherently low efficiencies 
and only 3.25 ac re -feet of water will be available for 
each acre of land during the growing s ea son. If irriga -
tion can be shown to be economically feasible on these 
soils, an edditional 10,000 acres of land can be added to 
the Scedskadee Irrigation Project. 
Four methods of irrigation will be compared in terms of: 
1. Lend prepa ration and equip~ent cost. 
2. Labor requirements 
3. Water requirements 
4~ Crop yields. 
Land preparation was limited by the very sha llow soils on much of the 
lower bench ares, which severe ly limited allowable cuts during l and 
forming. 
Discussions of land prepa ration, irriga tion methods and res ults for 
each of the four lowe r bench fields follow. 
I 
u 
.:~.• . . 
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Field 0 2 Border Dike Irrigation 
Land Prepa r ation and Seedin8: Field 10 on the Lower Bench consisted 
of guide border strips approxima t e ly 20 feet wlcle, oriented in a general 
north-south direction. A motor pa trol w2s used to cons truct dikes 12 
inches hieh with 1.5 to 1 side slope. Each border strip had zero cross 
slope. The longitudinal slope was to follow tha t of the existing ground 
surface so as not to have cuts in excess of 0.2 foot except where neces-
sary ;o remove hummocks. Borders 20-29 were crossed by a ridge about 
350 feet downfield which at the extreme was about·l foot above the tops 
of the turnouts. Some of the first borders on the west side had reverse 
grades on the lower ends of the borders and these were removed by the 
· dozer and blade. On June 26, 1965, a grass-legume mixture was seeded and 
watered by surface .application techn:.i.qucs. The lack of an established 
· grass stand initially crea ted problems of soil erosion. Furthermore, 
some borders still had a reverse slope and had to be re-levelled, using 
a crawler tractor with blade. The borders didn't irrigate as well as 
hoped because the water w uld concentrate in narrow streams when flowing 
from the relatively fla t portions of the upper ends of the borders onto 
the steeper gradients and begin eroding a channel in the sandy soil. 
Existing high spots and side slopes concentrated the flow and accelerated 
erosion. Some cross-field dikes were b~ilt in the borders to slow the 
rate of advance and to get coverage of high spots. The crop stand on 
the field was fair except on the head ends of borders 27 and 28 which ro3y 
have suffocated by excessive ponding. Construction of some borders left 
adverse gradients just dm-mstrcam of the turnouts, causing overtopping 
of the dikes and making irrigation gene rally difficult. Fill should 
have been placed at the hea d ends of these borders to preven t ponding. 










Auto10r1 tion : Each 8-inch turnout on field 10 was fitted with a 
"lay-flat" butyl rubber pneumat ic va lve)./ On a section of the field 
where one turnout had been provided for each two borders, a 10-foot 
butyl rubber "sock11 was attached to the downstream end of the turnout 
pipe to direct water to one border or the other . A polyethylene air 
line (not buried) was run to the field from the air c ompressor on the 
upper bench. Wires fr om a "tone-teleme try" transmitter at the compressor 
site were enclosed in this air line. 
Prior to the first trial of the lay-flat valves on this fi eld, 
cattle were driven over the exposed portion of the compressed air line 
leading to the field. Before this leak was found and repaired and 
because of au uninspiring performance of a similar system on the upper 
bench research area, the automa tic irrigation system on field 10 was 
abandoned. 
The concept of using only one turnout for each two borders, switching 
flow from one to the othe r with a butyl rubber "sock," has worked satis-
factorily. Use of thi s concept may help reduce construction costs on 
similar border systems. However, the border widths were only 20 feet. 
I 
On wider borders, the longer sock required to apply water at the center 
of each border would be both more expensive and more difficult to handle, 
Field l0 °was irrigated manually <luting 1966 because of the problems 
with the automa tic syst em discussed earlier. Eight irrigations were 
applied with a labor requi remen t of two-thirds ~an-hour per acre per 
irrigation, Volume s of water for t wo of the eight irrigations we re 
!/ Raise, H. R., E. G, Krus e , and N, A, Nimick - Pneuma tic Valve s for Auto-
mation of Irriga tion Systems, Agricultura l ReseD rch Service , USDA , ARS 41-


















measured and indicated gross applications of approxima tely 2 surfa ce 
inches. In 1967, field 10 was irrigated by University of Wyoming 
personnel and ,ARS kept no records. , 
Harvesting: The narrow (20-foot) widths of border on this field 
gr;atly hampered harvesting. Only one swather width could be cut from 
each border. In 1967 livestock grazed the field, allowing more complete 
utilization of the forage produced. Future borders should be laid out 
with a width between dikes equal to some even multiple of the width 
of available harvesting equipment. 
. Field 11, Contour Ditch 
Land preparation of field 11 consisted of clearing sagebrush and 
other vegetation, followed by rough grading to remove hummocks. Three 
relatively large high areas that could not be watered without runn ing 
stub ditches rem3 ined within the borders of the field. These area s 
were seeded and with the exception of sprinkling to establish stands of 
grass and alfalfa were not wa tered during the first two years of operation. 
Two contour ditches were provided for irriga tion of field 11. The 
first followed along the south field boundary. The second ran along the 
crest of a ridge in the center of the field. 
Automa tion: A modification of the Farruhand Irrigator was constructed 
for use in irrigating f ie ld 11 from the contour ditches . This irrigator 
supplied by the manufacturer, is supported by a tricycle-like carriage 
with two drive wheels tha t straddle the ditch and a bullet shaped skid 
in front that follows the bottom of the ditch to guide the machine. 






























mounted at the back of the irrigator, checks water behind the machine 
and c2uses water in the ditch to flow over the banks. Land on the 
downstream side of the ditch is watered as the irriga tor moves s l owly 
along the contour ditch. Since wate r cannot be allowed to overflow 
ditches with erodable banks such as the ones on field 11, the irr igator 
was modified to lift water over the ditch banks. 
The first modification of the irrigator cons isted of mounting 
a six-inch auger at the rear of the machine. The auger was fitt ed with 
piping .so that pumped wa ter could be safely released on the dct-ms tream 
side of the ditch bank. Use of the auger required adding a gear box , 
increasing the engine size and relocating the check dam on the or iginal 
machine. The modification , after deve lopment in the laboratory, was 
evaluated at field locations near Fort Collins, Colorado and Fontanelle 
and Fineda le, Wyoming, during the summer of 1965, Fig. 2. 
After the power diKe was field tested , it was evident that more 
laboratory research wa s needed to i mprove the efficiency of the water 
auger. Pump efficiency i n relation to design of the auger was de ter-
mined in the laboratory using different lengths of flighting in the 
auger, different pitch of the flighting, different rotation speeds, and 
dif f 1 f . li . d f h h · 1 
2/ erent ang_e s o inc nation measure rom t e orizonta .-
The modified power-dike was us ed for several irr{gations of field 11 
in 1966. The primary operating difficulty was caus ed by the auger picking 
l:_/ Rider, Allan R. Pump Characteristics of a Screw Conveyor Used on 
an Automa tic Irrigator. Unpublished N.S. Thesis, Dept. of Agr. Engr., 
CSU, June 1966. 
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Fig. 2.--Farrohand irrigator, modified to auger water over 
one ditch bank as it propels itself along the ditch. A 
flexible dam , faste ned to the fron t of the irriga to r , 
checks wa ter to supply the au3er. A sma ll gasoline engine 








up small stones from the bottom of the irrigation lateral. These stones 
wedged between the blade and housing of the auger with such frequency 
that constant attention was required to keep the machine running. A screen 
over the auger intake partially solved this problem. There was also 
some difficulty in keeping the machine in alignment on the ditch banka. 
· If one of the drive wheels started to roll into the ditch, it wa s 
difficult to correct. To do so, it was necessary to stop the flow of 
water into the irrigation lateral. 
The dam on the power-dike did an adequate job of checking water in 
the lateral. A small, but inconsequenth1l, amount seeped under the dam 
and flowed on down the ditch. The auger pumped about one cfs which was 
barely adequate to irrigate field 11. Additiona l gearing to slow 
machine travel would be helpful in attaining mor e efficient irriga tion. 
With the added weight of the modified machine, it ~as necessary to add 
chains to the drive wheels. Even so, slippage was considerable, some-
times greater than 20 percent. 
,_,_, 
The total irrigation water applied to field 11 in 1966, 513,920 ft.
3
, 
repre~ents a depth of 13.4 inches on the 63 percent or 10.S acres that 
were covered with irrigation water. This water was applied in seven 
irrigations, for an average gross application of 1.9 inches. 
The total ,mount of water received by field 11 during the per iod 
May 15 to September 15, 15.3 inches (13.4 by irrigation plus 1.9 by 
rainfalll, was not enOuf;;h for maximum production on the field. There 
was no runoff from field 11, Irrigation water collected in some low 













This field was originally served by two contour ditches which allo,,ed 
about two-thir<ls of the field area to be inundated during irrigation. 
In 1967, additional stub ditches were run to small high areas on the 
field, allowing greater coverage . Also, in 1967 field 11 was pastured 
o~ly. Thus the additional ditches did not pose an inconvenience during 
harvesting. 
Good crop growth on field 11, relative to other lo,;.;er bench 
1/ fields,- is due in large measure to its location, adjacent and parallel 
to the scarp separating upper and lower benches. Thus, a larger por-
tion of this field consists of Unit 4 soils (Binschadler, 19641} which 
are the deepest on the lower bench area and which receive supplemental 
water from lower bench lateral seepage. 
Field 12, Side Roll Sprinkler System 
Field 12 was prepared for sprinkler irrigati.on by removing the 
native vegetation with scrapers. Some topsoil was removed with the 
vegetation, however , and the rows of topsoil th3t were piled up by 




!/ See cover photograph, S. D. F. Progress Report, 1964-1969. 
ll Bindschadler, R. Soil Survey Report - Seedskadee Development 
Farm. Unpublished Report, Soil Conservation Service, · USDA, Laramie, 














Automation: A side-roll, engine move sprinkler system was assembled 
on field 12 after seeding wa s completed in July 1965, Fig, 3. Water was 
supplied from the lower bench irrigation lateral by a centrifugal pump 
powered by a four-cylinder, LP gas engine . The system was desig~ed for 
close nozzle spacing because of the windy conditions that commonly occur 
in the Seedskadee area. Sprinkler heads were spaced every 30 feet along 
the lateral. The lateral was moved 48 feet at each setting. 
Aerial photographs of field 12·!/ indicate para llel rows of alternates 
good and ,poor crop growth, the rows running parallel to lateral of the 
side-roll sprinkler. At first glance, then, this variation might be 
thought due to nonuniform distribution of water from the side-roll sprinkler, 
as the sprinkler lateral was positioned parallel to the stripes of good 
growth. However, field 12 wa s irrigated with 13 sets of the sprink ler 
lateral and only 9 growth stripes appea r on the photograph . It is con-
cluded that the redistribution of top soil during the clearing and wind-
rowing of sage on field 12 might pcss51Jly have caused the growth variation 
observed. 
In 1965 and early 1966, only one nozzle was used in each sprinkler, 
giving an application rate of 0.37 inches per hour at an operating 
pressure of 60 psi. Prior to the July 22, 1966, irrigation, a second 
nozzle was added to each sprinkler head, increasing the application rate 
to 0.52 inches pe r hour. 












,Fig. 3.--Side-roll sprinkler lateral in operation 
on field 12. The lateral, 660 feet long, was 
capable of applying water at a rate of one-half 


















In 1966 1 9.6 inches of water was applied to this field between 
6/23 and 9/11. Two earlier irriga tions added an estimated 1.6 inches . 
Ray production was very poor 1 48 bales for the entire field, due to the 
limited irriga tion and the shallow soils. 
' Field 12 was irrigated ten times in 1967. During the first half 
of the season 1 four irrigations totalling about 7.5 inches of water 
were applied at ten-day intervals. Rainfa ll supplied an additional 
2.5 inches. Thus 1 about 0.22 inches of water per day was available 
during this period. This application produced a yield of about 1.4 tons 
per acre at the first cutting. Following harvest operations, irrigations 
could not be commenced for 30 days because hay bales were not removed 
from the field. During this period, most of the available water was 
depleted from the shallow soil profiles within the experimental site. 
Subsequent i~rigations failed to revive the good alfalfa growth no ted 
earlier. Furthermore, the alfalfa appeared to be under some soil mois ture 
stress part of the time between irrigations from June i2 to August 15. 
Then smaller irrigations (about 1.5 inches) were applied at average 
seven-day intervals until the end of the irrigation season. A tota l 
I 
of 165.S acre-inches of water was applied during the 1967 season or 
18.4 inches on the 9.01 acres of field 12. P.y comparison , 16.6 inches 
were ap?lied by the center pivot sprinkler on the upper be3ch during 
3/ 1967,- mostly for use of the oats nurse crop on the field. Applica-
tions from the center pivot on alfalfa in 1968 and 1969 were 18.3 and 
23.5 inches, respective ly; the l atter figure representing a 3-cut 
season. 
].I B O K Seedskadee Development Farm Pro 0 ress Report 1964 -69. a rnes, • • • o 
Bull. 506, Ag. Ext. Scrv., U. of Wyo., J an. 1970 . 


























The largest individua l application to field 12 wa s 2.36 inches • 
. 
Assuming an 80 percent application efficiency, the net application was 
1.89 inches. Part of a net application this large will be lost as deep 
percolation on soils that hold only 1.6 inches total available mois ture. 
On the soil areas with available moisture capacities from 2.5 inches to 
3.4 inches, moisturi deficiencies of 1.9 inches can be allowed to develop 
without seriously reducing crop yields. An irrigation interval of 8 to 
11 days would be allowable f or these deeper soils. 
The side-roll sprinkler systen: worked satisfactoriiy throughout 
three irrigation seasons. The primary problems which had the effec t of 
increasing labor requirements for the system were: 
1. Clogging of sprinkler nozzles and lateral drain valves by pumped 
sediment. Cleaning nozzles and clbsing drain valves required cons iderable 
operator time whenever the system was moved. If this labor had not ~een 
necessary, the system could have been moved from one set to the next in 
about 10 minutes by two oe~. A sediment-free water supply or sed imen t-
excluding pump intake is necessary. 
2. Mechanical problems with pump and LP gas engine. The problems 
' 
would not beserious if t he location of the system were not so far from 
dealer's service. 
3. After severa l trips back and forth across the field, the lateral 
tended to shift lateralli, away from the main supply line. This necessi-
tated manual repositioning once during a two-year operating period. 
No poor uniformity of application due to wind distortion of sprinkler 
pattern was visible on field 12. However, such distribution would have 







Also, the lateral did not move unde r windy conditions when empty. During 
winter months, the pipe lat era l was anchored to a fence at the field 
boundary. 
The original telescoping aluminum pipe sections for connecting lateral 
to main were replace~ by fl exible reinforced high pressure tubing. This 
change greatly reduced the labor requirement for moving the lateral. 
During 1966, the labor required to move the sprinkle~ lateral>averaged 
0.24 man-hours per acre per irrigation. In 1967, the recorded labor ne eded 
to move the system jumped to 0.7 man-hours per acre ·per irriga~ ion. Much 
of the additional requiremen t was for cleaning sand from sprinklers and 
drain valves of the system. Much sand had blown into the lower bench 
lateral, from which water for the sprinkler was pumped, during the winter 
of 1966-67. 
Soil Profiles and Root De~ 
In the fall of 1967, pits were excavated at several locations in 
field 12, on the deep cut areas of field 7 and on the field irrigated by 
the self-propelled sprinkler. Fig. 4 indicates the approxi ma te locations 
of the pits on field 12 and Figs. S through 12 are photographs of soil 
profiles and root develop~en t. Fig. 13 is typica l of crop growth on the 
field and materials removed from the pits. 
Note that deeper soils occurred along the south edge of this field 
' as a result of outwash from the bluff separating the upper and lower 
benches . Root development was accordingly deeper. In hol es 1 and 2, 
root penetration to at least 30 inches is visible. In hole #5, nea r 
-l 









I ,~-210' -----<t:,a..• 
[® 
. t' I 
O .'3~-------,-
···· ···.·.·, · A F ••!:~~~, . 
2-A -I 
L_,-=-·--_· ____ L:..:,_O_V.:..:JE:..:.R..:__BENCH_ LATERAL - ·--·-·-- ~ 
1l-------- 660'-----· -~ 
Fig. 4.--Location of root observa tion pits and distribution of 
soil types. Field 12, Seedskadec Deve lopment F&r m. Soil Unit 
4-B-l consists of outwash from a scarp bordering Field 12 . 
· The soil is deep with adequate water holding capacity. Unit 
2-A-1 soils are very shallow (S -20 inches ) and undcrlciin with 
coarse sand and gravel. Unit l-A-1 soils are slightly deeper, 
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•Figs. s~6.--Root and soil profiles on Fie ld 12, lo~c r bench, 
Seeds kad 0e Deve lopment Farm. 
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Fig?. 7·8.--Root and soil prof iles on Field 12 , lowe r bench, 
Seedskadee Deve lopmen t Farm . 
Depth of Top Soil 
Alfalfa Root De pth 
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Figs. 9-10 . --Root and soil profiles on Field 12, lower bench, 
Seedskadee Development Fa rm . 
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Fig. 13.--Typica l crop growth and mate rial removed from 
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the north end of the field, roots only penetrated abou t 12 inches. 
Restricted root growth, apparently due to a c a lcium layer , was noted in 
hole #8. Field 12 was s eeded to gras s and alfalfa in 1965. The roots 
shown in the photographs th erefore represent approxima t e ly t wo and on e -
half seasons of· growth u der sprinkle r irrigated conditions. 
Field 13, Contotir Dike Syst em 
Field number 13 was divid ed into strips by c ontour dikes at 0.5 
foot ver tical intervals. The dikes were 12 inches hi gh with 3 to 1 side 
slopes. The leveling of hum~ocks to pe rmit uniform di st ribution of water 
between dikes was made with a motor patrol. The contour dikes on this 
field were desi gned with a vertical interva l such that, when water was 
backed up behind one of the dikes it would comple t e ly subme rge th e con-
toured area i mmediately above it, while still maintaining su f f ic ien t 
freeboard to preven t overtopping. Each dike was equipp ed wi th t wo t o 
four gates . When the gates opened, runoff from ·surface storage in the 
uphill areas plus water supplied to the fi e ld through two turnout s wou ld 
rapidly inundate the next area downhill. 
I 
Automa tion: The gates we r e of the s emiautoma tic, clock -operated , 
drop-open type, with butyl sheet or galvaniz ed steel clo sures developed 
at the Snake River Conserva tion Res earch Laboratory (Fig . 14). The 
spring-wound time r oa each ga te was sta rted by a flo a t that r e l eased the 
clock mechanism when water r ea ched the gate. 
The contour dike system on fi e ld 13 allo~ed fair (about 90%) wa t e r 
cover age of the upslope benches and very poor c ove r age of l ower b enches, 
Fig . 15. An estima t ed 63 · percent (9.8 acres) of the area of thi s fi e ld 
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Fig. 14.--Semiautoma tic check ga te for rel e asing wate r 
from irrigate d bench on field 13, Seedskade e Develop-
ment Frrm. The gate is r e leased by a spring-wound 
timer . Elapsed time betwe en wat e r rea ching th e gate 
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15 inches of ~ater w~s appli ed to this irrigated area in six irrigations . 
During the latter par t of t he season, s eepage from the l ower bench 
~latera_l and drai? s produced a water t able around the south and east 
~dges of field 13 high enough to contribute to crop wate r ne eds . There 
was no runoff o f wate r from this fi e ld . 
Fifty-three bale s of hay were ha rvested from fi e ld 13 at the firs t 
cutting. This r epresent s about 4 ton s from the 9.8 acre irrigated 
portion of the fie ld. At the time of the s e cond cutting , 117 bales were 
harvested. Much . of the increase is attributed to subirrigation effects 
immediate ly downs lope from the lower b ench lateral. 
Gravime tric soil samp l e s were taken before and afte r the July 12, 
1966 irriga tion on field 13. The maximum sampling depth was 12 inches in 
this rocky soil. Results from 16 loc a tions, rep~esenting the 9;8 we tted 
acres on this fi e ld, indicate that 0 . 82 inche s of wate r was added to the 
top foot of soil by the irrigation. This moisture, plus the evapo transpiration 
correction for the period be t ween samplings, accoun ts for 50 perc ent of 
~he water applied. Since additional water was no doubt stored in the second 
foot of ' the profile, a r eas onably good water application e fficiency is 
I 
indicated. It was obtained, however , as a result of only pa rtial coverage 
of th·e field. Water losses were primarily due to deep perc ola ti on in the 
upper one or two benches, where water remained on the surface for several 
hours. Five applications of water were made on fiel~ 13 during 196 7. 
Three ca re fully meas ured applications averaged 2.65 acre f ee t. The 
total application ior the s eason is es tima t ed at 13 . 30 acre-feet. Field 
13 has an area of 15.6 acres . The irriga tion coverage was es timated to 
be 60 percent of the total area or about 9.4 acres. The average depth 
of wa ter applied to the irrigated area was, therefo r e , about 17 inch es . 
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Much of the additional area ofthis field received water from a 
high water table that developed as a result of seepage from the lower 
bench lateral. Thus yie l ds on field 13 were maintained in spite of t t: 
infrequent irriga tions. 
The semiautomatic gates on this fie ld performe d with limited effc2-
tiveness. Prob lems were: 
1. Friction in the gate mechanism , coupled with low depths of ws~er , 
so that gates would not drop open after the clocks had released. 
2. ~locks not starting, because the starting float rod was not f=ee 
to rise. More guides for the float rod would have solved this prob le~ . 
3. Poor synchronization of gates in a single dike, because the s:ow 
advanc e of water could cause the clock on one gate to star t at a con-
siderab ly ?ifferen~ time than clocks on other gates. Overall, th e gat2s 
were judged to be about 70 percent effective. 
During 1967 , the water tabl e under fi eld 13 had risen to a l evel, 
due to seepage from the lower bench l ateral, such tha t . only very infr~-
quent irrigations were needed over most of the field area. 
Research Area - Upp er Bench 
The upper bench research area consists of 23 acres, immediat e ly 
adj acent to the main 300 acre block of the development farm. Th e are ~ was 
developed in order that the hydraulics and efficiencies of border irr~;a -
tion on Seedskadee soils could be studied and various methods of auto-
mating water r eleases to these borders could be eva luated. The need 
for study and objectives were described as follows in the ARS res ea rc :: 
outline: 




















Need for S t:udy: 
The -Seedskadee Development Fa,rm was established to deter-
mine the economic feasibility ··of completing an irrigation 
development in t,:estern Wyoming . If completed , 60,000 acres 
of arid land wi ll be provided with water for production of 
pasture crops , hay and small grains . Success of the 
development will hinge, in par t) on an efficient irrigation 
system design , capable of applying wate r with minimum loss 
and minimum labor. 
The res~arch area on the Seedskadee Deve lopme nt Farm, 
where this study is to be conducted, provides an oppor-
tunity to evaluate effects on efficiency of varying 
discharge, l e ngth of run and application time on Seeds-
kadee project soils. Research on the dev~lopmcnt farm 
will also provi de information on minimizing labor require-
ments and land prepara tion expense . 
Objectives: 
1. To develop devic e s and n ew systems of irrigation t o 
conserve irrigation water supplies by utilizing automatic 
control of water ·to r educ e labor r equirements. 
2. To develo p systems to apply irrigation water to 
irrigate d fi e lds, at the optimum rat e of discha r ge and for 
the opt imum l eng th of time , automa tically, utili z ing 
existing pipe l i ne valve s or open ditch turnout s . 
3. To automate the releas e of WE,ter on a project basi s 
by controlling the rate of flow through farm headga t e s. 
4. To develop safe ty devices that will prevent damage to 
land or structures if auto ma tic valves ma lfunction. 
S. To develop checks in open field laterals that can be 
opened or closed automa tically. 
6. To further deve lop electronic components for reliabl e 
operation of automa tic irriga tion systems. 
Land Preparation: The upper bench research area was cleared in 1965. 
Twenty-si x borders of varying l engths were constructed, s e rved by two 
irrigation late r a ls (Fig. 16). Aft e r land grading, the 26 experimental 
borders had slope s ranging from 1/10 to 2/10 of one perc ent and l engths 
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After one trial irrigation in 1965 , it was dec ided that three of the 
borde rs were too long for effective irriga tion. Also, the qua lity o f 
land forming on the entire research area was not adequate to provide 
I 
uniform spreading of the irrigation stream over the borders . Therefo re, 
a new contractor was hired later in the summer of 1965 to refine the l and 
forming and to bisect the t hree long bord ers by l eng thening lateral 0. 4 
Rt (Fig . 16) 150 feet and relocating the drain ditch. 
Four of the bord ers , A through D, had cross -slope only removed . How -
ever, in checking bor de r topography one year after land forming , longitudinal 
slope variition s on othe r bord er s were found to va ry as much as on these 
four. Border dike s on all upper bench bo rde rs were built in accordance 
with specifications for the r est of the developwent f arm . 
Water supply to the borders was through 15-inch pipe tu rno ut s, having 
sloping concrete collars and hand -operated, galvanized s t eel slid e ga t es 
on the ups tream ends . 
Automation: A sys t em incorporating l ay-flat pn euma tic va lves in the 
15-inch pipe turnouts to automate i rrigation of this fi e ld was i nsta lled 
in 1965, Fig. 17. Air pressure to activate the valves was transmitted 
to the turnout loc at i ons through 3/4 inch polyethy l ene tubin g . Pn e umatic 
valves at three or four turnouts were connec t ed to a single air control 
box , Fig. 18, so that these turno uts could b e opened by a single signal 
from the transmitter. 
The pneumatic va lve automation wo rked reasonably we ll during 1966. 
Problems were caus ed by smal l ho les which dev e l oped in th e r e inforced 
butyl r ubber , probab ly ozone cracking . The r esul tin g air leakage a llowed 
s ome wate r seepa ge through the turnouts and kept th e compressor running 
nl , .· 
~ . 
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mally fi xed 
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Fig . 18.--
Tone -t.e l eme try 
receiver and 
3-way air contro l 
va lve used to 
control irri ga -
tion wa t e r 
r eleases with 
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more than s~ould have been necessary. The most distant control poini was 
about 1000 feet from the transmitter. Voltage losses at such dis tances 
were not extreme for the cable used and the tone-telemetry signalling 
system worked satisfactorily. However, for longer di stances, hi gh and 
possibly hazardous voltages would be required to transmit power to the 
solenoid valves at the r eceiver locations. For these rea sons , the 
pneumatic automation sys t em was r e placed with a hydraulic system late 
during the summer of 1956. 
The -hydra ulic system utilized butterfly gates on ea ch turnout, 
activated by brass hydraulic cylinders, Fig . 19. The brass cylinders 
were mounted on the ditch bank , above the gates so that they were above 
the water surface at all times. A domes tic wa t e r syst em , Fig. 20, fur-
nished pressure to the cylinde rs (u s ing filtered ditch water) at 60 to 70 psi. 
The cylinders were controll ed by three-way valves in float wells 
locat ed to sense advanc e of water on the borders. The fir st set of gates 
was opened when water rea ched a well located inside th e ditch ban k near 
the first check structure . The logic of the system is very similar to 
• : J 1 d . h. d · y A · l/ ( · one insta . e on a citrus ore ar in uma , ri zona .- Fig . 21). 
I 
Two semiautoma tic checks we re installed in modular steel structures 
in the long lateral, Fig . 22. The checks, constructed of butyl rubb e r 
sheeting, were tripped by a hydraulic cylinder, then reset manually . 
Only minor problems occurred in operating this iys t em in the fall of 
1966 and 1967 s easons . Rodent damage to the small po lye thyl ene control 
lines caused some malfunctions. Two of the 19 brass cylinders were 
ll Raise, Krus e and Erie. Automa ting Surfa ce Irrigat ion. Agr. Engr., 
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Fi i . 20.--Equi pment for providing water pressure fo r 
hydraulic aut omat ion system. Pump takes its supply 
from open irriga ti on ditch . All wate r ~ asses through 
f ilter (behind pres sure t ank) before enter ing fie l d 
supply line . 
.,. 
J 
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Figure 21.--Schematic diagram of automatic surface irrigation adapted to 10 acres of citrus grown on the Yuma Mesa, Ar 
Sequence of operation is as follows: (A) Headgate is opened, (B) Water fills cement lined irrigation distribution dit 
and overflows stilling well Ul which hydraulic a lly activates 4-way pilot valve (far upper right) opening first set of 
six turnout gate s , (C) Water flows betwe en border dikes of first irrigation set to stilling well U2. Inflow of water 
here causes 3-way valve to open actuating second 4-w~y pilot valve (2nd from right) causing second set of six turnout 
gates to open, (D) Water flowing through turnouts enters stilling well U3 actuat ing the first 4-way pilot valve that 
closes the first set of si~ gates , and (E) Water flows between border dikes to stilling well #4 which actuates the 
4-way pilot valve (3rd from right) opening the third se t of six turnout gates , Sequence is repeat ed un ti l entire blo 
is irrigated and _automatic ch eck gate (far upper left) releases water to the next 10-acre bl6ck to be irrigated. 
(Se e Figure 10) 







Fig . 22. - -Semiautorna tic hydrau lically op ened check 
installed in automa ted lateral on Se edskadee Develop-
ruent Farm. Checks are op ened by hydraulic cylinde rs 
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damaged by free zing when the system was not drained early enough in the 
fall of 1966. Plastic hydrau lic cylinders h ave n ow b een deve loped tha t 
are corrosion res is t ant . Alcoho l c an b e u sed t o winterize sys tem. 
Proper l~cation of the downstream float we ll s is accomplished by 
trial and error. It was n ecessary to move some wel l s once or twice 
after the ir fir st placement to get irriga tion applica tions of the proper 
durat ion. The ups tream contro l wells we r e sometimes located t oo near 
low spo ts on the border dik e of a s et being irri ga ied. Water spilling 
. . 
over the dike adjacent t o t he nonwatered area s omet i mes wo uld c ause 
the open gates to close p r ema turely . The probl em cou ld h ave been elimi -
nated by loca ting the upstre am wells in one of the c enter borders of an 
irriga tion set. 
The rubber-gasketed b utter fly gates built for thi s system wo r ked 
well, -al lowing less leakage than the steel slide ga t es originally installed 
on the turnouts. Careful adjustment of the ga t es was necessary t o pre vent 
them from sticking after several days in the closed posit i on . Again thi s 
problem could have b een r esolve d by us e of larger plas tic cylinders o p ~r-
atin g at highe r prssures than use d with the Seedska dee system. 
Irrigat ion Efficiencie s and Hydraulics 
A Troxler n eutron de p th moisture·gage was u sed in an attempt to 
determine changes in soi l moisture b efore and aft e r irriga tions. The 
gage was calibrated in three dif f e r ent way s ( al l compa r i sons wi th gravi-
mctrically obtained samples ), Fig. 23 . All calibra tions differed a nd, 
furthermore , none agreed with the standard calibra tion furnished by the 
manufac ture r. Therefore , r es ult s of all soil-water d e termina tion s arc 

















Fig~ 23.--Calibration of neutron depth moisture gage in 
area of deep soil near research area. Large ( 2000 cc) 
s amples were taken in this area to gravime trically 
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The rocky> shallow nature of th~ soi ls at Seedska d ee made it 
impractical to t ake adequate gravimetric s amp l es to d efine irrigation 
efficiencies and cons umptive use rates. 
Evapotranspiration: Spot c hecks of ET v a lue s were estimated us ing 
th J - H . • 1/ e ensen- aise equat1on:-
where: 
ET= 0.014T - 0.37 
RS 
ET is the potentia l evapotranspira tion 
( 1) 
RS is the total solar radiation in unit s of equivalent depth of 
wa ter evaporated and T i s mean daily temperature. 
A modified Penman-type equation was also us ed : 




(15 .36)(1.0 + .OlW) (cs - ed) (2) 
where : 0 is the slope of the saturation v a por pressure- temperatur e 
'V is the psyc hometric constant 
R is n et radiation n 
w is total d::1ily wind run 
· s 
e- are saturation vapor press ure~ . 
Climatologica l data for use in the equations were measured on the 
Development Farm, (Fig . 24) and are summa ri zed in App e ndi x A. Values 
obtained from equations 1 and 2 are shown fo r comparison in Table L 
l/ Jensen , M. E. & Ho R. Raise. Estima ting Evapo transpirat ion from 
Solar Radiation . Journ . of I &D Div . , ASCE. De c ember 1963. 
cur ve 



























Fig. 24.--S eedskadee Development Farm Weather Station 
including : r ecording evaporation pan, standard and 
recording r ain gages, anemome ter, and hygrothermograph . 
A pyranome t er for r ecording total solar radiation was 
















There is reasonably good agreement between t he two estimates during 
the mid-s eason. Early in Jun e , when high winds are commo n in the Seeds-
kadee area, the _Penman-type equation gives significantly higher estimates 











TABLE 1. Selected Daily Values of Po tention Evapotrans piration 
as Estimated by Two Different Methods 
Estimated Evapotranspiration 
Modified P enman Jensen-Raise Difference 
Inches Inches Percent 
.18 .12 so 
~22 .17 29 
• 29 • 30 -3 
• 32 .31 3 
• 32 • 34 -6 
.23 .27 -15 
· • 21 .20 5 
· • 27 • 24 8 
-.13 .07 86 
The soil moisture changes be tween irrigations offer one means of 
estima ting evapotranspiration for the crop on the r esearch area. Daily 
measurements of total solar r ad iation and temperatu r e durin g the summer 
months present a second bas is for ET estimation. 
Tabl~ 2 presents comparative ET and evaporation values determined 
for pe riods of severa l days and for the growing season in 1967. Columns 
3 and 4 contain estima t es of ET as c omputed by USBR pe r sonnel , based on 
equation 1 but using dif ferent crop coe fficients. The use rates de ter-
mined from soil mois ture samples corresponded r easonab l y well with solar 
radiation durjng the early and late portions of the growing season. 












. . --~~~-~~-,;---~¥~ ~~---·------------~-- ~· _ , .· ---~~---'--';;:.._:.,___;_......;..._.:--~'-'--...._ ___ . .....__ ... ~ ... - ~ 
41 
During July and the first two weeks of August, soil samples indicated 
lower rates of ET than wei~ estimated from radiation, ET lower than 
potential may have occurred because of lack of available water in the 
crop root zone during this period; especially from 7/2 to 7/17 when 
there was a 17-day interval between irrigations caused by a delay in 
hay harvesting. 
Values of Ei in columns 2, 3 and 4 of Table 2 are estimated from 
solar r~diation and other c l imatic variables. (Meas ured values of solar 
• I 
radiation and other clima tic va riables for the growi ng sea sons 1965-67 
are conta ined in App endi x A.) Differences in the thr ee columns are . 
less than 6 percent over the total growing season. Larger variations 
occur ove r short sampling periods. The r ea sons for the diffe r enc e are 
that different crop characteristic curves have been assumed for the 
different methods . That is, the reduction from estimated potential ET 
TABLE 2 
Short-Term ET on Seedskadec Farm near Fontane ll e , 
Wyoming i n 1967, measured and/or computed. 
Period 1 2 3 4 s 
Soil Water Whea t Class 
1967 Samples J-H Alfa lfa Grass Eva p. -----
A 
inches inches inches inches inches 
6-16 I 6-28 2.55 2.80 2.79 2.53 2 .'12 
7-2 I 7-17 2.25 3.05 3.61 3.39 
7-20 I 7-30 l. 75 2.82 2.49 2.08 3.24 
8-4 I 8-14 2.26 2.89 3.08 2.83 2.90 
8-19 I 8-29 2.22 2. 24 1.68 1. 91 3,63 
Growing Season 
5-16-67 I 9-15-67 23.3 22.8" 22.l 



















occurring at the beginning and end of the season, after frosts and after 
hay cutting were based on different assumptions. No one estimate com-
pares consistently better than the others with the ET estimated from 
soil moisture samples for the short periods. 
·Over the 1967 growing season, ET estimated from solar radiation was 
23.3 inches or 76 percent of the evaporation from a Class A pan. In 
1966, the June 15-September 9 ET estimated from radiation totaled only 
13.44 in,ches. Pan evapora tion for the same period was 30.46 inches. 
Based upon comparisons from other sources, ET is often about 0.8 of 
evaporation from a Class A pan. 
The seasonal ET estimates of 22 to 23 inches, based on solar radiation 
and air temperature measurements, compare closely with gross applications 
of water by the center pivot sprinkler on a field of oats in 1967. Gross 
application to the oats field was 16.6 inches plus an additional 3.2 
. h f . l/ inc es o rain.- The field was not watered for a · 20-day period between 
August 28 and September 17 while oats was being harvested. Thus, assuming 
high application efficiencie~ for the center pivot sprinkler and simila~ 
soil water content at the beginning and end of the season, water applied 
and used consumptively would not diffir greatly from estimated ET. 
Water Holdi~Capacity Determinations: Laboratory determinations of 
field capacity, wilting point and available water from uppe r bench field 
samples are shown in Table 3 • 
























Moisture Characteristics of Upper Bench Soils, 








.. (before 361' & 4811 
leveling) 



















*values may be low if fie l d capacity is actually nearest to 0.1 bar. 
The value for available soil water in the 42-inch depth of 3.50 inches 
seems reasonable when compare d with USBR analyses. Extrapolating field 
capacity and wilting point det erminations, the respective values for a 
42-inch soil depth would b e 7.3 and 3.8 inches . 
Most of the soils on the development farm ar e sha llow und erlain with 
sands and gravels at depths of 1 to 3 feet. Resistance to de ep drainage of 
soil water caused by the soil-gravel interface could account for greater 
soil wate r storage than indicated by laboratory estimates of field capaci ty. 
Soil Water Balanc e Through 1967: A record of soil water conditi ons on 
selected border s of the uppe r bench research area is given in Tabl e 4. The 
soil wate r contents were dete rmined with the neutron depth gauge , using the 
calibration obtained by compa ris on with large gravime tric samples obtained. 
All wate r mea~u~ements represen t sampling dep ths of 42 inches unl es s othe r-
wise noted. There were four sampling locations on most borders . Differences 
between soil water content be for e and after irriga tion, when correc t ed for 
J 
__J. 
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Table 4. Soil Water Budget - Upper Bench Research Area Seedskadee Development Farm -
BORDER 
4 5 10 13 17 19 20 21 22 
1/ 
3.83 3.83 3.83 
. 2/ 
3.83 3.83 3/ 3.83 3.83 Wilting Point- 2.1~, 2.743/ 
Field Capacity 7.20 7.20 7.20 4. l°z! 7.20 7.20 5.1~1 7.20 7.20 Avail. Soil Water 3.37 3.37 3.37 1.91- 3.37 3.37 2.41- 3.37 3.37 
Before Irr. 6/12 8.07 8.88 9.38 4.9,}:.1 7.33 7.35 5.6:)./ 8.06 8 . 78 
After Irr. 6/16 9.55 9.86 10.65 5.76 8.38 9.24 7.00 9.85 10.33 
ET 6/12-6/16 0.70 .70 .70 .70 . 70 .70 .70 .70 
Precip. 6/12-6/16 0.51 .51 .51 .51 .51 .51 .51 .51 
Soil Water Added 1.67 1.17 1.46 1.24 2.08 1.54 1.98 1.74 
Before Irr. 6/28 8.35 9.05 9.4 7 4 . 68 7. 11 7.19 5.46 7.82 7.64 
Precip. 6/16-6/28 0.98 .98 .98 .98 • 518 .98 .98 .98 .98 
Soil Water Used 2.18 1.79 2. 16 2.25 3.03 2.52 3.01 3.67 
Daily ET (Mea s}/ .18 .15 • 18 .19 .25 .21 .25 .31 
Daily ET (Es t)2 .23 
After Irr. 7/1 10. 34 6.4 7 7.69 8.12 6.20 9.24 10.10 
After Irr. 7/3 8.31 9.21 
ET 1.56 1.56 0.93 .93 .93 .93 • 93 .93 .93 
Soil Water Added 1.52 1.89 1.80 1.51 1.86 1.67 2.35 3.39 
l/ Soil water given as inches water in 42-inch root zone unless otherwise noted. 
2/ 24-inch sample depth. 
}/ JO-inch sample depth. 
4/ 36-inch sample depth. 
~/ Estimated from Jensen-Haise Formula. 
•· •••.----••-•M -.,,., . . 
1j., ~- :\ "';= ;J ~ .......... '---
1967 
25 26 29 
li/ 
3.83 3.83 3.3fJt1 
6.20-j;/ 7.20 7.20 
2.90-:- 3.37 3.37 
6 . 28':_/ 7.59 7.01 
7.60 8.82 8.48 
. 70 . 70 .70 
.51 • 51 .51 
1.51 1.42 1.66 
5.3711 7.51 5.5111 
.98 .98 • 98 
2.29 
.19 
6.20 8.17 6 . 31 
.93 .93 .93 
1.76 1.59 l. 73 
~=~::::::~==================:._-------------------'------=---=-:==~.:i;:;;:::=::::=:=:;..==::c... ...... ..-:.....--==-:.- - ------ -
Tablle 4 (cont.) 
4 s- .. -· 10 13 17 19 
Before Irr. 7/17 8.41 7.71 7.61 3.61 5.68 7.11 
Precip. .40 .40 .40 .40 .40 . • 40 
Soil Water Used • 30 1.90 3.13 3.26 2.41 1.41 
ET (Meas) .02 .14 .20 .15 .09 
ET (Est) .19 . 19 .21 .21 .21 
After Irr. 7/20 8.70 8.88 . 9.10 5.20 7.95 7.70 
ET (Est) .65 
Precip, .05 
Soil Water Added 0. 89 1.77 2.09 2.87 1.19 
Before Irr. 7/30 6.86 6.06 6.80 3.50 5.56 6.22 
Precip. .oo 
Soil Water Used 1.84 2.82 2.30 1.70 2.39 1.48 
Dai l y ET (Meas) • 18 .28 .23 .17 • 24 .15 
Daily ET (Est) .28 
After Irr. 8/3 7.83 
After Irr. 8/4 7.94 8.18 8.55 5.01 7.30 
ET (Est) 1.53 1.53 1.53 1.53 1.53 L 25 
Precip. .OS .os .os .os .os .oo 
Soil Water Added 2.56 3.60 3.23 3.22 2.86 
Before Irr. 8/14 5.25 5.57 5.69 3.16 s. 24 6.04 
Precip. .oo 
Soil Water Used 2.69 2.61 2.86 1.85 2.06 1.79 
ET (Mea s) • 27 • 26 • 29 .19 .21 .18 
ET (Est) 0.29 
20 ' 21 
4.61 6.81 
.40 .40 
1. 99 2.83 
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4. 72 · 3.52 
2.13 3.16 
• 21 .32 
C r a J I l'I J ___ .J L ---~ 
i 
Tabie' 4 cont 
4 5 10 ' l 13 ' 17' ; 1~ ' 20 ' 21 I 22 25 26 ,, - 29" ' 
9. 7g§.I 
·, I --
Afte'r Irr. 8/18 r, l 7 .12 " 7.23" ' 5o 76 • I 9. 20 · 5.70 7~25 5.88' ·, 
After Irr. 8/19 _ 8.08 7. 36 , , 7.41' ' ' 5. 35 . ' ' " I 1 1 
Preci'p. 
I 
.05 .'05" • 05 . .05 .-03• I .'03' .03 .03 .03 .03 .03 ' .03 . 
ET (Est) .99 • 99 ', • 99'' ' .99 .78 • 78 ' • 78 . .78 .78 .78 .78 • 78 ' 
Soil Water Added 3. 77 2. 73 ,, 2.66 ' ' 2.63 ' I 1. 94 ' 2.12 . 3.01 3.04 3 .• 39 3. 26 . 3 •. 11 1 
Before Irr. 8/29 5.26 4.89 4~97 · ' 3. 36" ' 4.94 5. 51 . ' 3. 96 6.05 7. 37 . 3.61 4.68 3.-42'" 
!'recip. • 00 
Soil Water Used 2.82 2.4 7 2.44 2.18 1.72 1.80 3.15 2.42 2.09 2.55 2.46 
ET (Meas) • 28 • 25 • 24"' • 20 · .16' I o 16 I • 29 • 22 ' . .19 • 23 · ' • 22 ', 
ET (Est) 0.22 .,, '. ,, , ,, 
After Irr 9/1 7~73 5.94 8.68 9.64 6.05 6.86 
After Irr 9/2 7.62 6. 91·: 8. 20' ' ' 5.'08 '· 6.57' ''. ' ,, ,, , 
,, 
Precip. .03 .03 .03' . .03 • 03· · • 03 • 03 ' . .03 .03 I .03 .03 
ET (Est) • 59 .59 • 59 • 59 • 59 .43 .43 .43 .43 .43 .43 
Soil Water Added 2.92 2.58 3.69 2.19 2.62 2.38 3.03 2.67 2.84 2.58 
(, ' , , ! ! 
II I 
I . ,,·, 
r l 'I 
I ,•• 
I ' 
! ~ , ' 
, .. 
I ' I ( I' · 
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estimated ET and measured prec ipitation, r epresent water stored in the 
42-inch soil pro file by the irrigation. These values of stored wat e r are 
used to de termine field irrigation applica.tion efficiency. 
The change in soil wat~r content b e tween irrigations, corrected for 
precipitation, has b een cited earlier as an estimate of ET. 
.: 
It is possible that hi gh wat e r table may have affected soil mo isture 
measurements on the research area during some parts of the irrigation 
season. If so, some of the low apparen t ET rates could be explained. 
During the summer of 1966, for instanc e , the water tabl e rose to within 
2.6 feet of the ground sur face in an observation wel l located in f ie ld 3, 
immediately adjacent to the resea rch area . No fr e e wat e r was obs erved, 
however~ in the 42-inch deep neutron access tubes in the r esea rch area 
during either 1966 or 1967. 
The co'e fficier{°t o( uniformity of wate·r application was comput ed for 
each border where neutron moisture readin gs were taken , Individual c o -
efficients ar·e based on on ly 4 sampfing locat ions per border . These L. 
- :. · 
locations were uniformly spac e d along the length of the borde r. Where 
neutron readings could not be taken to a depth of 42 inches, the soil 
water content in the measured dep th was e x trapolated to 42 inche s as an 
estimate of water retained i n the profile. ET corrections are again fr om 
estimates based on measured solar r adiation. 
The average ~oeffici ent of uniformity for 6 irrigation s of all borders 
was 78.9 . The average of all borders for each irriga tion remain ed near ly 
cons tant through the season with the exception of the July 18 irriga tion, 
whe~ the value was only 68 .5. This irrigation was appli ed after the 
















the 1967 season. No consistent variation of unifonnity coefficient with 
length of border was obs erved . 
Border Hydraulics Measurements: Detailed irrigation hydraulics 
measurements were made on three upper bench borders for each of thre e 
irrigations in 1967. Times of advance and recession were measured at 
stations 25, 50 and every 100 feet from the upstream end of the border. 
Depth of flow (referenced t o benchmarks set at the average elevation of 
each station) was meas ured periodically during the irrigation. Four 
cylinder infiltrometers were used to obtain values of intake during each 
irrigation. Because of dr y, rocky conditions prior to an irrigation , th e 
infiltrometers could be dr iven only 1 or 2 inches into the soil. Buffering 
was accompl ished by filling the infiltrometer at the time it was reached 
by the surface irrigation stream. Head differentials did exist betwee n 
water in the infiltrometer and the surrounding flow. 
The resulting measurements made it possible to estimate (1) r ates of 
advance and recession, 2) volume of water in surface storage at any time 
and 3) depth of water inf i ltrated at any point on the border and t ota l 
volume infiltrated at any time. These quantiti es , along with the regular 
measuremen ts of inflow, application time and runoff, made it possib l e to 
obtain estimates of water application and distribution efficiencies, 
independen t of soil water measurements. 
The following set of figures (25-27) show an e xample of results of 
·such meas urem2nts and analyses for one irrigation of Border Y tha t occurred 
on 8/30/67. A gross appl i cation of 2.94 inches was mad~ to this 47.5 feet 
----- ------------====-a::c:n------------ -"""" 
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V'"' 100 I= 0 .247t.44 o 
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Fig.26. Rates of Advance and Recessio~ - Bord er 25 -
August 30, 1967. 
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Advance and Corrected Rec e s s ion Times - Bord e r Y -
August 30, 1967. 












































wide b9rder at a _ rate of . 2.4 cfs (0.0506 cfs/foot). Time of app}~':a_tion 
was 55 minut~s. Fig. 25 shows cumulative infiltration measured by each 
of four cylinders. Cylinders at 100, 400, and 550 foot stations gave 
. I 
readings that were apparently r eliable and in close agreement. Piping 
develop ed at the 200-foot cylinder sometime between 5 and 60 minutes 
after the test was started. A representative intake equation for this 
-




where Ifs cumulative intake, inches, and t i s elapsed time in minutes. 
Figures 26 and 27 show the advance and recession of the water stream 
plotted as a function of time on log-log and sernilog graphs. In take 
oppo rtunity time at any distance down the border can be estimated from 
Figure 26 from the distance between the two curves . Recession data are 
quite erratic, largely beca use irregularities of border slope cause ponding 
in places and recession time is overestimated. The elapsed time between 
recession at each station on the border and the recession of the surface 
stream from Station O is shown as TR-TRO in Figure 27. Some researchers 
have suggested that this relation will be linear on a log-log plot. The 
scattei -~f data is too great for linearity io be proven in Fiiure 27 . 
For the 8-1-67 irrigation of Border Y, this linearity wai well defined 
for stations Oto 400. 
-"Hydrographs" or plots of surface water depth versus time were developed 
but are not shown . These plots can be used to inter~olate depths that 
occurred between measurement times. They also illustrate the maximum 
depth at each station and the rapid decreBse in depth after inflow to th e 
























Table 5 is an exampl e of the computa tion of volumes of wa ter app lied , 
water in surface storage and water infiltrated at different time inter-
vals after the start of the irriga tion . The initial time intervals 
correspond with the times t ha t the advancing stream r eached each 100 
foot sta tion . Volumes c an be compared at the end of each time inte rval 
to determine the error i n the analysis to tha t point . After surface 
water rec edes f rom a sta t ion, the volume infiltrated at that stat ion 
remains unchanged and the surface storage volume drops to z ero. Runoff 
volumes ~an al so be de t ermined as a function of time from flume r ecorder 
charts and added to the volume ba l ance equa tion. 
Fina lly, afte r all water ha s r ec eded from the surface , the vo lume 
infiltrated should equal the volume applied les s the vo lume of runo ff. 
In the exa mple shown, these volume s diffe r ed by only 1.4 percent. For 
most borders th e variation was greater, as much as 30 pe rc ent in one ca se . 
From the hydraulics measurements on each borde r, exponen tial equa -
tions were deve loped for advance di stance, r ecession distanc e and accumu-
lated infiltration as a function of time . As previously noted , s ca tter 
of some of the recession da ta causes them to be poorly charac teri zed by 
I 
the equa tions . The variab ility of advanc e , recession and i n take for 
different borders on the s ame field and for irri ga tion at different times 
of the s ecison were shown by these equations. The coeffici ents of th e 
advance equa tion: 
b 
L == at 
are related to di scharge onto the borde r, Figure 28 . No trend s for 
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Table 5 - ~order Hydraulics An~lysis 
P.ordcr Y 
August 30, 1967 438 
Intake, 1 = 0.250t· ~ 
75 125 175 225 ·-·---










Ro_rder Wiclth i: 47.51 
Applicati6n Time n 55 minutes 
Application Rate .., 2.4 cfs 
525 575 625 
76 88 100 ----------·- ·-----~-- - -------- -----------· 
3 
1.61.f: 





16 10 4 
3,3 / 2. 7l1 ·1.835 
• 8!12 . 685 .t,59 
.070 • 057 .038 
166. ?. 135J, <)0. 2 
• 37 .25 • 13 
878. -, 59 3.7 308 ,7 
32 26 20 
L1. 5G 4. 17 3. 7 l 
1. 11,0 l.0 ':? .9?! 
• 09'.i • Of, i .on 
n =;J. ?.(J ( , - (, J.f:?., () 
.!1(1 ,l, (l • 3 ', 
100 ?, 5 9:i ~I, () Wl . '.i 
12 
2.97 
• 71, 'J 
• ()~. 2 
J -': 7. 7 
.n 
5?/., 'i 
t"' tir,1e: cl:-: ~'sccl sinc.e applicat:i o11 stDrtcc1 
t .-, t:'- rn -?. \•:,- tc·r hes li0cn on stnt::i.on 
0 
I" & I',., Accu .. ,ult. tc~1 int:rikc, inches and feet, resp. 
V ~ Volurn~ infiltr~Lc<l at stntlo~, ft 3 
d1 ::., Depth of surfr:cc flc,,., .:it tii. ,I'.! t, feet . 





0 r () 













i1·c.·::; .--(-,--ft 3 
569.9 
_261?, 3 _ 
3 3182,2 ft 
]Of:l ,(, 
,. C. '.,': . 9 - ---- -· . 3 
'j / !, ? • '} ft 
V, 
-&:--
·; :, ·:, le 5 (cont) I ·' · I . ,. I • 
---- - - ------·--· - :.=-=-:..;..:.....:..-: . ..:.=.:.---=--===--.·.;.:.-~- :-::=-::-.: · -·--·· . :T----- -------·· ·-· Station 
25 75 17.5' 175 225 275 325 375 425 ,. 75 525 575 625 
I . ' 
Time of Advance 
l 4 10 16 2l1 32 40 48 56 66 76 88 100 
t = 52 min. 
t 51 48 42 36 28 20 12 4 
0 438 
t' 5.6 5 . 1. 5 5.14 4.8 4.3 3.'71 2.97 1.835 
J" 1.110 1.36 1.28 1.20 1.07 • 9?.7 0 7L12 .1159 
I ' • 117 • l.13 .1(1"/ • J 00 .or:9 .on . • 06?. • (lJ8 
' 
\I 277 . 9 268 .11 2'..i4 , 1 23 ·;. 5 211. 3 H: 2 , 9 l l1 7 . 2 90,2 1: V 1669.5 
ell • 114 0 50 .1. 8 , l 1 l1 • 36 I • 32 • 21 .07 E VI 669"/,I: 
V 10!1 5,0 118, , 5 111,0 .0 104 '..i . 0 8'.>5. 0 760 ,0 l1 '.)3, 7 166 .2 
s - ··- ---·-- 3 
s ; ., ' 8366 . 9 ft 
. := 72 min. ' 'I' • ' -
t 71 61) 6?. 56 48 l10 32 I 2-'• 16 · · 6 
~l138 
6.46 6. 35 6.10 5. 82 5 .11 J 5 .03 , •• 56 4.02 3.37 2.192 t 
I " 1.615 l.5F-:7 1.57.5 1.11 55 l. 3C,?.. 1.2 5, 1. }/1 1.00 5 • 8 11 2 • 5!,8 
I ' • J.311 • 13 /. .127 .1 21 .113 ,105 .095 . os~i .070 • 0l1G 
VI 3113.2 313 .5 301.6 287.t, 268.11 2119 -'• 225.6 199.5 166. 2 109. 2 t VI 24 39. 0 
d .15 .29 • 3l1 . 33 .3 2 .32 .30 .28 . 18 . 09 E V 61711. 8 
V 356.2 688,7 807 . S 783.7 760.0 76 0 . 0 712.5 665 .0 4 27. 5 213.7 s 
- -·-----· 3 
s .8613 . 8 ft 
- ;: 9!1 min. -
t 93 90 8l1 78 70 62 54 1,6 38 28 18 6 
?1138 
7. 29 7. 18 6.96 6 , 64 6 ,l1/1 6. 10 5.74 5.35 Li. 9 2 4.3 3.55 2.192 t 
I" 1.822 1. 7CJ5 1. 7110 1.660 1.660 1.5?.5 l.L,35 1.337 1.320 1. 07 .88, • 54 8 
I' .1 52 • lL, 9 • 11, 5 .138 • 13/1 • 1 ?.7 . 119 .1 11 .102 • 089 • 0711 • O!, 6 
VI 361. 0 353.9 )/;11 .11 327 . 7 318,2 301. 6 ?. 8?. . 6 26 3 . 6 2L1 2, 7. 21 1. '.I 17 5.7 109 ,2 Y.: V 3291 .t, 
cl • 0', .l G .2 3 ,2 3 • 2!1 • ?.!, • 2 7 • 26 • 22 • 16 • 0 7 • O!, t VI 517.9.8 
9 '.i. 0 380, (J 5-':6. 7. 5':G. 2 570. 0 57 0.0 (11! 1 .?. 617.5 52?. . ~) 380,0 1 G0. 7. 9 5. CJ 
s - --· ·- - 3 V, 
V 8', 2 l. ?. fl: V, 
$ 
'i :,ble 5 (cont;:) 
-- -·- ·--- --- ·----·--- . -·- ·---.. ---·-------------------~--~==-=-= :_-:=.:.=.:-=-:...:..:.~::-_.::.. -·--=: ·--------==----===--===== 
St;ition 
25 75 125 175 225 . 275 325 375 425 475 52S- 575 625 ····--- -· -···· ·---··--Time of Advance 
1 4 . 10 16 24 32 40 48 56 66 76 88 100 
t = 124 min. 
t 114 120 114 108 100 92 84 76 68 58 48 36 2-~ 
?43S 
7.95 8.15 7.95 7.7 6 7.52 7.25 6,96 6.66 6.35 5.91 5.45 4.8 4.02 t 
l" 1. 9f>7 2,037 1.93, 1.9!,0 1, 88'.J 1.812 L 71;0 1.665 1.587 l.!177 1. 362 1.20 1.00'."J 
l' • 16 :i • 17 () • 1G5 ,162 • 157 • l'.il • lL: 5 1.39 • 137 .123 .113 • l 00 • 08 (: 
VT 391.9 L1U3. 7 391.9 38'-•, t 377.,9 358 . 6 3!1t: . ! : 330 , 1 313.5 292. l · 2u:. 1, 23/,5 239. !1 r. V . !13 29. 1 
d~ 0 .09 • J.1,2 .150 .155 • 16 S • 20 .?.?. • 205 .15 • 12?- • 1 3_0 .10 L v1 l:.!: 38 G . 
s _.- --··-·- ~ -- . ' 3 • . . . 
V 2] 3, 7 33i , 2 356 , ?. · 3(,8. 1 391 _. 9 t, t 'i. 0 5 2 /. . 5· /1 8G • 9 356,1. 289, ·; -308 • .7 285, .0 876, ., ft . s 
t = 183 min. 
t 198 173 167 159 15 J 14 3 135 1 n 117 107 95 83 
?t,38 
8,9? 9. '.i5 9,40 9.20 9,00 e.9o 8" SC, 8.35 8.05 7.75 7,35 6.92 t 
l" 2,2 30 2, 3f; 7 2,35 0 2. :rn 2.2;0 2. ?.25 2, 11., 0 2.037 2.012 L 93 7 1. 83"!. 1. 7 30 
I ' • 186 .198 .196 • 192 • 187 • H,5 • 178 .174 .168 . 161 .153 ,144 
391.9 41,l. 7 470.2 l16 5. 5 456. 0 lit.I,, 1 4 39 ,li l,22. 7 413. 2 399.0 382.l; 363. !, l110, 4 
.. 
!: VI S!i 99.9 VI 
d .01 .02 • O!, . 06 . 0 85 • 11 ,12 .08 .OS • 09 .16 LV 2035.2 
3 23.7 47.5 95.0 ll12. 5 201. 9 261.?. 285.0 190.0 s 
------
\' 118, 7 213.7 456. 0 7535.1 ft s 
t .. 193 1:a in. 
l 175 173 169 161 153 l/,5 137 127 117 105 93 
?438 
9.60 9,55 9.45 9.:?5 9.05 8. 9:i 8,62 8.35 8.05 7.69 7.29 t 
J II 2, t, 0 2.38, 2 , 362 2.312 2,262 -2. 212 2.155 2.0S/ 2,0]2 1. 927. 1. 8?.?. 
I' .20 .199 • 19' .193 • 188 .1 8!1 .17 9 • 1 71, .168 .160 , 15;, 
V 391.9 4!,l. 7 l175, 0 l1 72, 6 l1(,J.9 t,S8J1 t.!16.S l137, 0 /125. 1 413, 2 399,0 3f.O,O t, 33. 2 l:V 5641. 5 
<l I 0 0 • 02 :, • 0': 5 .075 • JO .105 ,072 .0 5 .085 • l 5 i.~ VI 17 50.t, V, 
5 7. t, lOG.9 lt8. l 237. :i 2119.11 171. 0 118 , 7 201,9 t, 2,. 5 s 
- --- ·- · ··-- 3 
°' V "/391.9 ft s 
I_ ~--.J -==-1 ~-IJ _:'j _1 
'f;_,blc S (cont) 
--- .. ~ 
Station 
25 75 125 175 225 275 325 375 '•25 /175 . 525 575 625 
Time of Adv<1ncc , 4 10 · 16 211 32 40 48 56 66 76 88 100 ... 
t :c 206 m:!.n. 
t 172 170 . 1G6 158 150 140 130 118 106 
0 438 t. 9.52 9. ,, 9 9.38 9.16 8,99 8.71 8, /13 8,08 7.71 
I" 2.38 2. 372 2. 3!: 5 2,2() 2. _2:'i ·; 2. 177 2.107 2.02 1. 927 
I' ,198 • 190 .19 5 .1% • 18i' • lel .175 .168 .160 
VI 39).9 441.7 /175. 0 47'i.,6 11 ,o ' 2 L,i'0,2 463 .1 453.6 Ml'-,.1 l120, 9 /115 . 6 399.0 45G.O L V 5782.9 
cl 0 0 • 034 .09 • 10 .075 • 0'., .08 • 14 ~; VI 139-'I.O 
80.7 213. 7 237.5 178. 1 9 5. 0 190.0 399,0 s --·-- - - 3 V 7176.9 ft s 
t "' 226 r;iin. 
t 186 178 170 -160 150 138 126 
~/138 
9.V6 9.66 9.117 9.21, 8,99 8, 65 8.31 t 
l" 2. l,65 2. 415 2,372 2.31 2.?.!11 2.162 2.077 
I' .205 , 201 .198 1. 92 .15"/ .180 • 173 
VI 391.9 4L, 1. 7 475.0 472.6 470.2 470.2 486.9 477.4 l170. 2 4 56, 0 l153. 6 ,, 27. 5 493,0 L VI 5986. 2 . 
d .025 .08 .075 • 04 ,015 . 06 • 12 L V 1 Ot, 2. 6 
V 59,4 170,0 178 .1 95,0 35.6 14 2. 5 3'. 2. 0 s ----- 3 s · 70 28 .8 ft 
t C 257 min. 
t 178 198 201 182 160 169 157 . 
~l138 9.66 10 .l.5 10.20 9,71 9. 2!1 9 .115 9.15 t 
} II 2.4 J 5 2,537 2,55 2 ,l,4 7 2.31 2,362 7.287 
I I • 201 • 211 .212 • 204 • 192 .197 .190 
VI 391.9 /141. 7 475.0 '•72. 6 470.2 470. 2 4 77 ,l1 5()1. 1 503.5 4[:',.5 /156.0 467.9 5-'1 1, 5 t VI 6153.5 
d 0 0 .005 0 0 .00 5 ,0 3 t V 109. 3 VI 
11. 9 11. 9 f.5. 5 s ---- 3 --.J \' .. 6 26 2. 8 (t s 
#' , •♦ • 
:,--· ... ~ 
I 
1 .. .. . -J 
l 
... .,..... 
•, ( • ,, I' 
·; :;b le 5 (cont) 



















- .. ' ,_·.1~- ·-.. ·- ·- ··· . -··--
· Station 
25 75 125 175 225 275 325 375 425 475· 525 575 625 
1'in1e of AdvancC:: 
l 4 10 16 24 32 40 48 56 66 76 88 100 
203 170 162 
10.?.5 9,49 9,30 
2,562 2.372 2.325 
.213 • 19 E', • l S4 
391.9 4lil. 7 li 75. 0 li 7 2. 6 t, 70 . 2 '•70.2 l,77 . 4 501.0 50 5, 9 48!,.5 ,~sc,.o 1~10 . 2 552. 9 
.02 





391.9 441.7 475 . 0 472.6 470.2 470.2 477.4 501.0 505.9 484.5 456 . 0 470.2 564 . 3 
~ --.._., .,.__-:,,,~ ... -
===--·====-
z- v,. 6169.6 
EV" 57.0 
s 6?.·26-: 6 - f t 3 
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Fig.28. Advance Equ~tion Co e ffici ents as Re l atgd to Discharge 
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!!£per Bench Root Development 
Figure 29 shows photographs of pits on field 7, on the 18th and 22nd 
borders from the west side of the field and 150 feet downstream from the 
ditch and 200 feet upstream from the road, respectively. (This is an 
area where soils were cut as much as 3 feet in grading the soils for 
border irrigation.) Top-soil depth va ries from Oto 4 inches in these 
pits; root depth did not exceed 18 inches. In Figure 29 horizontal root 
growth is indicated by t he pencil. 
Fi~ld 7 was one on which most top soil had been r emoved in spots, in 
the process of land grading to prepare for border irrigation. The roots 
shown in Figure 29 represent three years' growth on areas of this field 
where the most severe soil remova l had occurred. 
For comparison, root profiles from the center pivot irrigated field 
are pictured in Figure 30. No cuts or fills were made in the process of 
preparing this field for irrigation. 
Much better soil conditions were found on the sprinkler field. Near 
the sprinkler pivot, 3 feet of soil depth was observed with roots pene-· 
trating_ to 18 inches , after 6 months, Figure 30. Two feet of soi 1 and 
the same root penetration occurred near the southeast edge of the field. 
j 
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Fig. 29.--Soil and 
root profil es in 
deep cut areas on 
Field 7, Seekska dc e 
Development Farm. 
Role #1 
soil depth 4" 
root depth 12" 
root de pth 12" 
Role #2 
soil dep th 0 
root depth 18" 
root depth 10-12" 
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Top Soil 
Alfalfa roo t 
Gra ss root 
62 
Fig. 30.--Soil and 
root profil e on self-
prope ll ed sprinkler 
field, Seedskadee 
Development Farm . 
Shallow-root pene-
tration due to 
irmnaturity of crop. 
Hole #1 
Dep th 36" 
de pth 12-18" 
depth 8" 
Top soil depth 
Alfalfa root depth 
Gras s root de pth 




























SUMMARY AND CONCLUSIONS 
Methods of -reducing irrigation labor· requirements and effi.ciency of 
water applications were studied for three seasons on the Seedskadee 
Development Farm. The methods of irrigation included diked borders 
with automated_turnouts from open ditches, contour ditches using a 
motorized irrigator to divert water from the ditches, contour dikes 
equipped with -~erniautomatic gates and a side roll sprinkler lateral. 
Water applied and running off each field was measured for each irriga-
tion. Soil water changes were measured in representative areas on the 
deeper soils. During the last season of study, detailed data on stream 
advance, recession and infiltration were obtained for three borders on 
the upper bench_. 
The following conclusions can be drawn from the study: 
1. Reasonable yields of grasses and legumes (up to 4.5 tons/acre/ 
- -
year) can be produced ~n Seedskadee lower bench soils with adequat e fertili-
zition and irrigation. 
2. Borders on lower bench field 10 were too narrow for effective 
hay harvesting. All borders should be spaced at some even multiple of 
harvesting equipment width. Naximum width will depend upon depth of 
soil that can be cut in removing border-cross slope. 
3. Some variation in logitudinal slope of borders can be allowed. 
However, no adverse grades can be permitted. Abrupt changes from low 
to high slopes will cause the irrigation stream to form channels and 
erode soil during irrigation prior to crop establishment. 
4. Effective use of the modified Power Dike Irrigator was prevented 
by problems related to poor traction, alignment with field lateral and 
















of the lower bench soils fo und on the Seedskadee Development Farm. 
5. A side-roll sprinkler lateral, 660 feet long, did a good job 
•Of irrigating a ten-acre low-bench field, when managed properly. Such 
managemen t includes 12 to 16 hours ope ration per day during peak water use 
periods, short interruptions of irrigation for hay harvest ing and pro-
vision of a sedimen t-free intake for the sprinkler pump. 
6. Use of contour dikes with semiautomatic ga tes did not ad equa tely 
distribute water on lower b ench field 13 and are not recommended. Prob-
lems included difficulty in synchronizing the trip mecha nisms on the 
gates and slow surface draina ge from irrigated benches to d ry benches when 
gates were opened. Over irrigation of upper benches (near the supply 
ditch) and under irrigation of lower benches resulted. 
7. No more water should be applied to lower bench lateral at any 
one time than is necessary to supply fields being irrigated at tha t time . 
Eve·n so, much water will be lost as seepage from the lateral, causing 
high wa t e r table problems in lowe r bench fields. 
8. Water releases from 15-inch pipe turnouts on upper bench can 
be automated with lay-flat pneumatic valves and associated controls. 
Ho~ever, mar~ re~ent research at other locations has resulted in the 
. dev~lopmen t of a more practical system using plastic hydraulic cylinde~s 
and controls to open and close turnouts. 
9. Unif~rroity coefficiEnts of water distribution on the borders 
averaged nearly 80 percen t. 
10. Runoff, meisured from individual borderi , ranged from Oto 35 











~~ ~11. ~ater application efficiencies of upper bench borders could 
not b~ determined because of inability _ to get accurate mMsurements of 
soil. water changes by irrigation. Deep percolation losses were sma 11, 
as indicated by the reasonably high coefficients of uniformity. There-
~ore, good application efficiencies, 60 to 70 percent, can be assumed. 
12. No consistent difference in runoff amounts or irrigation effi-
ciencies was noticed as border length varied from 600 to 850 feet . 
. 13. Rate of advance varies with the size of irrigation stream 
applied to the border. The variation can be expressed by the empirical 
relation: 
where: - -a=10+5.7Q 
B = 7.7 + 4.9 Q 
and ·Q is the discharge, cfs, onto a SO-foot wide border 
. -
14. Intake for any one border at any given date can be determined 
by cylinder infiltrometers and represented by an equation of the form 
- b 
I = at • 
15~_ Runoff can be reduced and unifonuity of distribution increased 
by border dike layout such as exists on main part of development farm. 
- I - . - -
The borders are blocked at the downstream end, preventing runoff directly 
to a drainage ditch. The dikes, however, end several feet short of the 
ends of the borders. Potential runoff, resulting from small variations 
in intake rate or volume of water applied, therefore must flow across the 
ends of other borde rs, supplementing the irrigations on those where 
inadequate water was applied. 
I 
' 
j _ 2 □ tJ 
APPE't-.'DIX.--Climatic Measurements, Seedskadee Develooment Farm, Fontanelle, Wyoming!/ 
· Relative· Wind 
Air Temperature, . Humidity Velocity Precipi- Evapo-
OF 0800, . Miles/ '' tation ration 
Date Max. Min. Percent hour ( i n.) (in,) 
6/8/65 · 
9 o. 77 
10 0.11 
11 ,, 0.12 
12 





16 .6. 47 '' 11 
' ' 17 78 7.99 : " "0, 04 0 ~ 17 I 
18 ·59 37 62 4. 98 Trace&Hail 0.13 ' 
' 19 68 36 50 3.09 0.14 
20 70 36 I' 52 5.12 0. 36 
21 70 43 75 5.25 0.18 
22 73 44 54 . 6. 68 0.60 
23 76 42 56 4.62 Trace ,, 0.42 
24 78 50 92 · 3. 50 0.01 ' ' 0.47 ', , 
25 60 45 77 8.23 0.06 0.26 
· 26 64 41 58 5 .96 0.04 0.17 
27 61 43 59 . 7. 50 0.01 0.28 
28 60 36 62 4.38 0.25 
29 · 65 39 58 3.84 0.30 
30 70 43 51 3.45 0.33 
Ave. 67.2 41.2 63.1 5.40 0.10 0.29 
1/ - Tabulated values represent measurements taken during 24 hours prior to 8:00 A.M. on 
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the ~ate recorded. 
three day periods. 
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APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued 
' ' ' , , ' • / ', I• I 
Relative · Wind 
Air Temperature, Humidity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration · Evaporation ,, 
Date Max. Min. Percent hour (in.) · (in.) • Langleys Eouiv. 2 in. 
7/1/65 78 42 52 3.15 0.26 
2 76 40 59 6.13 0.69 
3 70 41 52 3.70 0. 4lf 
4 73 43 54 3.61 o. 28 · 
5 79 45 58 3.15 0.50 
6 78 41 16 4.43 0.41 
7 2.42 ''' 0.42 ' ' ' 
8 4.37 0.04 0,25 
9 3.44 0.47 
10 5.13 
11 5.13 0.04 0,38 
12 5.25 I ' ·t ' I ! 1 o. 39 
13 73 38 46 4.80 0.59 
14 78 42 36 3.15 0.38 
15 82 45 39 2.17 0.43 
16 83 46 48 2. 72 0.42 
17 82 52 46 2.20 'f I ' 0.42 
18 80 56 84 7.09 0.03 0. 39 
19 77 . 55 91 2.25 0.29 0.49 
20 76 52 72 3.03 0.11 0.12 
21 76 48 66 3.50 Trace 0.20 
22 81 59 62 4.12 0.48 
23 78 52 76 4.49 0.40 
2l1 79 50 63 2.56 0.32 
25 79 55 90 3.60 Trace 0.31 
26 · 74 46 98 2.43 ·Trace 0.26 
27 77 46 52 2. 75 0.33 
28 80 50 50 2.80 0.41 
L► 6 1. 1,.3 0.31 
a-
29 , 84 52 I , 1 ' -..J " : f,I '' I 1 1 1 , I . 30 86 60 51 2 . 60 Trace 0.37 
• I 
31 73 53 76 3.35 0.04 0 . 26 
Ave . 78.1 48.4 59. 3 3.58 0.38 
t 
I i 
- -_ !-J _ _t:j 


























































































































































































































Total Solar Radiation 
Langleys 
Evaporation 
Equiv ., in . 
__ n __ _n 
APPENDIX.--Climatic Measurements, Seedskadee 
Relative 
Air Temperature, Humidity 
OF 0800, 
Date Max. Min Percent 
9/1/65 68 31 61 
2 72 35 63 
3 72 39 68 
4 70 35 38 
5 66 39 46 
6 64 43 87 
7 53 42 87 
8 66 43 86 
9 63 36 74 
10 61 34 72 
11 70 36 62 
12 69 38 68 
13 70 34 60 
14 70 43 45 
15 60 43 67 
16 59 22 91 
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APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration Evaporation 
Date Max. Min. Percent hour (in.) · (in.) Langlevs Equiv., in. -
5 /2 /66 69 
3 72 30 73 
4 74 30 64 2.20 
5 75 35 69 2. 5 7 
6 76 36 74 3.73 
7 75 39 87 4.27 
8 70 36 96 4.30 .28 
9 67 33 77 4.31 204 .14 
10 46 28 68 7 .07 472 • 32 
11 42 26 80 8.86 548 • 37 
12 51 34 6.81 
J3 54 34 1. 70 
14 58 34 1. 70 
15 61 36 1. 70 
16 62 32 1. 70 
17' 56 32 1. 70 
18 62 28 43 4.15 716 .48 
19 66 34 29 5. 80 711 .48 
20 70 38 36 4.57 681 .46 
. 21 74 . 41 24 8.73 544 • 36 
22 · 43 23 34 10. 67 
23 58 29 70 3.73 727 .48 ' 
24 70 33 . 2.81 713 .48 
25 74 34 2.41 
26 76 40 39 2. 2L1 733 .49 
27 78 42 37 3.12 684 .46 
28 78 44 3.51 647 .43 
29 79 40 46 2.34 · 586 • 39 
-..J 
30 79 40 5.07 667 .44 0 
31 70 48 5.85 344 .23 
Ave. 64.() 32. 7 4.34 
APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity Velocity Precipi- Evapo- To~al Solar Radiation 
OF 0800, Miles/ tation ration Evaporation 
Date Max, Min, Percent hour (in.) {in.) Langleys Eouiv,, in. 
6/1/66 74 32 36 3.63 
2 76 35 4.25 
3 73 37 7.67 733 . 49 
4 62 31 7.41 
5 64 31 3.25 
6 67 42 4.05 469 . 31 
7 65 43 55 3. 72 • 61 284 .19 
8 62 44 62 2. 75 408 .27 
9 68 40 62 3.13 427 ;28 
10 68 46 60 8.59 .03 .59 
• 11 59 42 36 7.58 .49 12 60 31 35 4.74 681 .46 
13 68 31 41 5.43 668 . !15 
14 74 39 35 6.17 649 .43 
15 76 42 48 5.12 .OS 606 ; 40 
16 65 42 58 3. 74 .24 550 • 37 
17 77 48 61 2.87 .31 533 • 36 
18 79 44 46 3.17 .26 515 . 34 
19 81 45 L16 2. 9 7 . 39 557 .37 
20 81 44 42 3.69 . 39 541 • 36 
21 78 52 54 3.46 ,04 .11 316 .21 
22 ' 63 44 61 5.17 • 29 458 • 31 
23 68 36 54 3.05 .32 514 . 34 
24 66 44 so 5.57 .29 608 .41 
25 70 33 30 1. 79 .47 688 • l16 
26 84 43 35 3.36 .47 
27 85 /14 2.83 .46 650 .43 
28 85 44 32 2.62 .38 
-..J i 
1: 29 86 50 39 2. 71 . l13 .... 
30 81 51 36 4.15 .45 .42 
Ave. 72 .1 41.0 35.8 4.62 . 35 
~ ..... __ ,~ .... . 
J £j 1-, .....__ 
APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity . Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, . Miles/ · tation ration . Evaporation 
Date }1ax, Hin. Pe·rcent hour (in.) (in.) Langlevs Equiv., in. 
7/1/66 70 51 83 1. 84 .50 . 479 .13 
2 81 51 43 5.10 .41 479 .13 
3 80 44 43 2.53 . 39 479 .13 
4 82 55 4.25 .49 692 .18 
5 83 44 43 3.66 .50 695 .18 
6 89 43 44 2.09 .38 695 .18 
7 89 47 44 4.65 .45 
8 82 56 21 5.40 
,, I 
.50 
9 85 44 38 3,68 .40 515 .14 
10 77 51 55 2.56 • 36 325 .09 
11 79 53 43 3.52 
,, ' 
.42 399 • lO 
12 82 54 49 2.42 .04 .16 472 .12 
13 85 48 49 2.24 • 25 6l16 ·.17 
14 85 48 49 2.24 .67 672 .18 
15 89 48 22 1.96 .47 618 .16 
16 84 50 . 26 3.63 
f\ 
. 40 495 .13 
17 88 51 42 3.48 .43 519 .14 
18 90 54 42 3.48 .42 600 .16 
19 90 54 41 2.17 .37 453 .12 
20 90 52 40 2.38 .42 560 ~ 15 
21 · 73 57 32 2.44 .25 330 .09 
22 84 48 51 3.24 
I\ ' , 
.40 490 .13 
23 87 51 40 3.06 . 40 612 .16 · 
24 88 50 40 2.29 .28 492 .13 
25 87 51 45 3.12 .52 585 . .15 
26 86 58 40 4.31 . 34 423 .11 
27 88 51 45 3.32 .37 520 .14 
28 90 52 l10 2.09 .47 598 .16 
29 90 50 47 3.34 .48 598 .16 •J 
30 92 49 . 41 2.63 .48 598 .16 N 
31 83 62 50 4.33 .45 481 .13 
Ave. 84.8 50.9 41.2 3.16 . 40 
.. -, S __ J l~ _J . L..J ""'3 L .. ....J · t1111J I _ _J I __ __:a I 
APPENDIX.~-Clirnatic Measurements, Seedskadee Farm, Continu~d 
Relative Wind 
Air Temperature, Humidity Velocity Preci-pi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration Evaooration 
Date Max:. Min. Percent hour (in.) (in.) Langleys Equiv., in. 
8/1/66 86 62 58 3.92 . 34 475 • 32 
2 84 56 53 2.25 .28 403 .27 
3 75 54 65 2.00 .12 302 . 20 
4 78 52 3.11 . • 14 613 .111 
5 82 56 47 1.62 . 34 536 • 36 
6 82 50 49 2.80 .47 624 .42 
7 82 49 53 4.04 .44 554 .37 
8 79 50 44 J.86 .47 602 . ,.o 
9 ' 78 49 42 3. 98 • l16 590 . 39 
10 82 46 l~I+ 3.80 • L12 596 . 40 
11 81 47 30 3.31 .48 567 .38 
12 75 51 50 5.01 ' ,, '• 559 .37 
13 80 40 34 3.62 607 .40 
14 78 L,8 20 3.62 • 35 603 .40 
15 84 · 40 32 3.62 .43 605 • l+0 
16 81+ 44 33 3.27 .42 535 • 36 
17 85 45 32 3.03 • 35 466 • 31 
18 78 49 31 2.05 .27 310 .21 
19 77 48 50 3.06 .28 422 .28 
20 73 41 42 2. 77 • 39 484 .32 
21 70 34 44 L1, 62 • 31 581 • 39 
22 70 36 44 2.32 .27 517 . 34 
23 77 44 39 1. 75 • 25 557 .37 
24 80 42 39 .92 . 30 571 .38 
25 82 45 38 1. 52 .29 566 . 38 
26 81 40 36 1. 39 .33 411 .27 
27 70 34 37 , •. 22 . 29 561 .37 
28 79 42 50 3.57 .27 546 .36 
29 81 45 33 1. 70 .41 495 .33 
...J 
30 74 48 42 3. 77, · .02 .26 400 .27 I..,) 
31 69 48 58 3. lil .02 .20 392 .26 
Ave. 78.5 46.2 40. 7 3.03 .31 
.. t:i .. J:l 
I 
,, ! If/ , , I ' · , I '• ! , ' · , , !, .,, I . l •11 t. t : , P l I j I" \ I 
APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued 
' , I ,, , ; ,· : : 1·, i , 1:1 
Relative Wind , 
Air Temperature, Humidity , Velocity Precip:!.- Evapo- Total Solar Radiation 
op 0800, Miles/ tation ration Evaporation 
Date Max. Min. Percent hour (in.) (in.) Langleys Equiv., in. 
9/1/66 63 45 71 3.34 .19 219 .15 
2 63 41 68 2.67 .OS .07 348 .23 
3 73 35 70 2.25 .01 .23 537 • 36 · 
4 78 42 64 1. 21 ,30 521 .35 
5 80 42 60 1.93 .28 297 .20 
6 79 L10 46 .27 297 .20 
7 80 40 50 .28 
, 8 82 40 44 ,26 
9 82 42 50 .37 
10 76 45 44 .37 
Ave, 79. 8 41.4 46.8 • 29 . 
I I J I ~. I j 2 ; ~ I j .. 
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APPE~DIX.--Climatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration Evaporation 
Date Max. Min. Percent hour (in.) (in.) . Langleys Equiv., in. 
Winter Temperatures, 
1966 
9/11 71 45 
12 69 45 
13 68 43 
14 63 34 
15 47 35 
116 60 34 
17 73 40 
18 . 77 42 
19 80 41 
20 78 
10/ 3 46 22 
4 53 25 
5 63 28 
6 65 31 
7 67 36 
8 62 33 
9 60 21 
10 64 31 
11 64 · 30 
12 60 32 
13 35 8 
14 30 12 
15 28 14 
16 34 14 
17 40 21 
18 38 16 
19 46 21 
20 50 28 
21 34 20 
22 42 30 
































































































































































































0800, Miles/ tation 
Percent hour (in.) 
Evapo- Total Solar Radiation 
ration Eva!)oration 
(in.) Langleys Eouiv., in. 
......, 
......, 
APPE~'DIX.--Climatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity Velocity Precipi-
OF _Q800_, Miles/ tation 
Date Max. Hin. Percent hour (in.) 
1/15/67 37 5 
16 24 8 
17 22 7 
18 23 6 
19 36 12 
20 37 23 
21 39 30 
22 38 21 
23 33 -5 
24 16 -13 
25 25 -4 
26 31 1 
27 37 13 
28 38 16 
29 39 24 
30 36 24 
31 34 3 
2/ 1/67 22 -1 
2 30 19 
3 34 20 
4 38 27 
5 28 -6 
16 24 14 
17 32 24 
18 34 1 
19 27 -12 
20 16 -7 
21 26 4 
22 28 6 
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--.J 
(X) 
"! I ~- l .. . I .. 
• 
APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration Evaporation 
Date Max . Min . Percent hour (in.) (in;) Langleys Eouiv., in . 
2/24/67 32 13 
25 38 18 
26 42 10 
27 7 
28 38 14 
3/ 1/67 48 30 
2 36 19 
3 3G 22 
4 29 10 
5 28 18 
6 36 7 
7 24 15 
8 38 23 
9 49 28 
10 48 26 
11 1~6 28 
12 45 28 
13 43 21 
14 30 4 
15 36 17 
16 41 27 
17 46 29 
18 37 30 
19 39 23 
20 43 29 
21 44 24 
22 54 32 
23 55 33 
24 42 17 
25 43 26 
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APPEi'DIX.--Climatic Measurements , Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Hu..rnidity Velocity Precipi-
OF 0800, Hiles/ tation 
Date Max . Min . Percent hour (in.) 
3/26/67 42 30 
27 47 30 
28 58 35 
29 43 17 
30 27 10 
31 40 24 
4/ 1_/67 40 l9 
2 43 22 
J 55 25 
L, 61 32 
5 45 22 
6 50 24 
7 58 25 
8 49 20 
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APPENDIX.--Clirnatic Measurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature, Humidity Velocity P!:"ecipi- Evapo- Total Solar Radiation 
OF 0800, }'files/ tation ration Evaporation 
Date Max. Min. Percent hour (in.) (in.) Langlevs Equiv., in. 
5/1/67 40 28 
2 42 211 47 
3 46 24 42 
4 52 24 47 
5 46 32 36 
6 54 29 43 
7 60 40 37 
8 66 42 24 
9 72 33 34 
10 56 37 66 





16 66 32 
17 71 37 
18 70 37 41 
19 69 37 Li6 .08 
20 67 31 39 173 .11 
21 76 40 43 .173 .11 
22 80 38 45 173 .11 
23 79 40 46 .01 853 .57 
24 77 41 48 .02 654 • L14 
25 59 47 27 .05 651 .43 
26 60 37 53 2.51 80 .06 
27 68 44 52 2.51 221 .15 
28 66 42 50 2.51 733 .49 
29 52 45 42 3.20 .65 475 . 32 00 
30 57 38 33 1. 36 ,05 487 . 33 ~ 
31 60 42 1. 36 794 .53 
Ave. 61.2 35.9 41. 2 
t._ ·· c E ► , • . I 1· L _J l I ___ _J I l j 
APPENDIX.--Climatic Measurements, Seedskadee Farm, Continued . 
Relative Wind 
Air Temperature Rul'1idity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration 'I Evaporation . 
Date Max . Min. Percent hour (in.) (in.) Lang1eys Equiv., in. 
6/1/67 65 40 4. 71 ·. 30 720 . 48 
2 69 39 4.71 .12 756 .50 
3 71 39 44 4.71 .09 338 . 22 
4 68 43 36 4.34 .62 615 .41 
5 69 50 2.24 • 40 381+ . 26 
6 65 4l1 53 2.68 .19 .19 723 .48 
7 62 40 50 3.13 .01 .17 624 .42 
8 61 40 55 4. 72 . 17 
9 59 37 53 2.95 .22 655 .44 
10 64 39 48 2 . 64 .04 . 18 758 . so 
11 65 41 50 2.64 .07 .49 758 .so 
12 63 40 58 2.64 .14 758 . 50 
13 64 40 30 2.37 . 15 . 24 696 .46 
14 56 42 55 3.54 . 03 . 14 899 . 60 
15 60 42 54 1. 87 . 16 .20 688 . 46 
16 64 46 . 56 2.63 . 17 . 23 717 .118 
17 69 44 56 2.07 . 16 .18 764 .51 
18 74 43 53 , 2 . 07 .03 . 18 849 . 57 
19 80 46 51 2.07 . 18 873 . 58 
20 69 51 54 1. 48 .11 911 • 61 , 
21 72 50 55 3.69 Trace .15 661 • l1 l1 , 
22 74 48 56 2. 39 Trace 798 .53 
23 58 43 t, 2 2.62 .30 .45 659 . 411 
24 68 37 34 1. 76 .32 .17 623 • l12 
25 73 .44 55 l. 76 .17 623 .42 
26 75 45 50 1. 76 .17 623 .42 
27 77 so 56 2.89 .16 892 .59 
28 72 51 53 3.30 .03 . 20 884 . 59 
29 80 46 1+6 1. 46 . 15 768 .51 00 
30 82 46 56 0. 98 .01 966 .65 N 
Ave. 68 .3 43. 5 50.3 2.76 0.21 726 .48 
m.__ C _· c___J t:_ _ _ J IL _ 
APPENDIX.--Climatic Measurements! Seedskadee Farm 2 Continued 
Relative Wind 
Air Temperature Humidity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration Evaporation 
Date }fax. Min. Percent hour (in.) (in.) Langleys Equiv., in. 
7/1/67 85 48 56 ]j 884 .59 
2 84 L15 55 884 • 59 
3 84 48 · 884 . 59 
4 78 51 54 884 • 59 . 
5 83 43 52 884 .59 
6 78 49 56 864 .57 
7 76 48 3l1 .15 6lL1 .41 
8 78 47 55 654 .44 
9 82 44 48 .10 654 . 44 
10 85 46 54 654 .44 
11 82 50 50 .65? 838 .56 
12 86 50 55 .1L1 759 .51 
13 90 56 54 • 29 944 .63 
14 82 59 47 .38 642? . 43 ? 
15 80 56 41 .15 .29 753 ,50 
16 81 51 55 ,29 753 .50 
17 75 56 51 .29 753 .so 
18 80 47 55 .41 626 , L12 
19 83 49 54 .05 .28 786 .52 
20 88 47 55 .32 720 .48 
21 90 48 49 • 32 786 .56 
22 90 51 44 .24 821 .55 
23 86 60 38 .24 821 .55 
24 84 50 51 .24 821 .ss 
25 86 46 46 Trace .48 434 • 29 
26 87 49 48 ,23 664 .44 
27 81. 49 65 .so 1295? . 87? 
28 87 42 .43 773 .52 
29 89 47 41 .28 812 .54 00 
30 81 58 46 .28 812 · . 54 w 
31 83 56 58 .28 759 .51 
Ave. 83.4 49.9 49.8 .33 782 .52 
1/Daily wind velocity records missing, July 1 - August 13. Average wind velocity during this period 
2 .32 mil es per hour. 
.. . _ :_. 
' ' , , 
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APPE~'DIX.--Climatic Heasurements, Seedskadee Farm, Continued 
Relat i ve Wind 
Air Temperature Humidity Velocity Precipi- Evapo- Total Solar Radiation 
OF 0800, Miles/ tation ration Evaporation 
Date Hax. Min. Percent hour (in.) (in.) Langleys Eouiv., in. 
8 /1/6 7 84 51 56 3/ 781 .52 
2 84 51 55 .26 886 • 59 
3 85 49 47 .26 775 .52 
4 88 - 50 57 .32 699 .46 
5 87 53 53 .25 765 .51 
6 82 50 57 .25 765 .51 
7 82 58 56 .25 · 765 .51 
8 82 44 53 • 35 765 .51 
9 84 48 49 • 36 74/i .50 
10 86 49 49 . 35 929 ,62 
11 87 51 50 .34 915 .61 
12 85 52 50 .25 654 .44 
13 84 49 53 .25 654 • li4 
14 83 L14 47 .25 654 .44 
15 85 48 55 1.94 Trace .15 391 .26 
16 88 48 49 2.14 • 36 690 .46 
17 86 47 52 2.24 . 40 594 • l10 
18 85 49 /18 2.45 .03 . 31 385? .26? 
19 86 44 60 2.42 .27 595 .40 
20 85 48 53 2.42 .27 595 .40 
21 84 44 44 2.42 Trace .27 595 .40 
22 83 46 55 2.25 • 30 381 .26 
23 87 42 48 2. 4L1 .38 558 • 37 
24 87 47 45 2.23 • 39 555 .37 
25 86 48 54 1.92 .31 656 - .44 
26 84 47 49 3. 07 .47 718 .48 
27 83 49 49 3.07 .47 718 .48 
28 82 47 54 3.07 .47 718 .48 
29 70 51 46 1. 99 . 30 . 75 7 .so 00 .p-
30 77 44 60 1. 94 • 21 - 218 .15 
31 78 44 53 2 . 97 . 23 501 . 33 
Ave. 83.8 48.1 51.8 2.41 . 31 658 .44 
1/Daily wind velocity records missing, July 1 - Au gust 13. Average wind velocity durin g this period 
2.32 mil es pe r hour. 
APPENDIX.--Climatic ~1easurements, Seedskadee Farm, Continued 
Relative Wind 
Air Temperature Humidity Velocity Precipi- Evapo.:. Total Solar Radiation 
OF _0800, Miles/ tation ration Evaporation 
Date Max . }1in. Percent hour (in.) (in;) Langleis Eguiv., in . 
9/1/67 83 43 44 2.18 .03 .11 605 .41 
2 84 46 54 2.38 . 33 491 .33 
3 86 44 54 2.38 .33 514 . 34 
4 84 47 38 2.38 .33 514 .34 
5 84 48 47 2.15 . 32 618 .41 
6 78 52 54 2.81 .16 947 .63 
7 80 44 57 2. 95 496 .33 
8 73 52 45 1. 62 506 • 34 
9 76 51 56 2.86 .19 268 . 18 
10 77 45 52 2.86 .19 268 .18 
11 70 44 44 2.86 .19 268 .18 
12 50 32 57 5.18 .10 268 .18 
13 59 30 56 5.18 268 .18 
14 67 30 56 3.25 268 .18 
15 69 35 55 2.08 .20 268 .18 
16 65 42 56 3.85 .20 276 .19 
17 66 37 47 3.85 .20 276 .19 
18 60 36 2.06 .05 . 20 276 .19 
19 61+ ')') ..)t.. 36 2.73 Trace .10 93? .06 
20 74 32 54 1. 33 .08 534 .36 
21 80 39 56 1. 23 .22 46 . 0 3 
· 22 77 38 54 1. 90 .29 33 .02 
23 78 42 ,~ 8 1. 90 .17 369 .25 
24 80 1+3 52 1. 90 . 17 369 .25 
25 76 43 56 1. 54 .17 369 .25 
26 67 44 52 2.50 .20 360 .24 
27 69 34 52 0. 86 .15 109 .07 
28 80 38 56 1. 22 .10 462 .31 
29 80 37 54 .10 83 .06 ()) V, 
30 66 46 55 
Ave. 73.4 40.9 51.6 2.50 .20 353 .24 
